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‘1’IIc NASA /tll’l, ‘1’01’SAI{  i]lstrul]]cnt,  IcccIItly  JVaS cxtcII(lccl  froI1l a sill[;lc-  Iva\Y:l(:I1/,tll  (;-lJaIId
([).6 CIII- A) d\It\l  a])cItIIlc:  sy]ltl~ctic  a])uturc raclar i]]tclfc]c)]ll[tc:]  to i]]clud(  a SVCOII(I wavclc]]p,tl]
at 1,- l);lIId  (24 CIII). A(ldiIlg  tllc sccoIId  wavclcI~gI,t,l I i]~viks  (x)]]l])ariso]]  of MTtivcl(IIip,  t 11-(livcrsr  cflcct,s
i]] to])op;ral)l]ic”  ]Iial)l)i]lg  of su r faces ,  wit<f~  t)l~c lirillci}ml  p,oa] of [lliclclsi:lllcli]l~,  tl]t~  ])(:]](:t]z~tjic)]l  of
tlIc radar  si[~na]s  ill vcp,ct, atio]l  ca]lc)])ics,  aIld dctcrl[lillil]p;  LIIC illfc.rrcxi  to]mp,ra])lli~  II(ip,lit.  A first
a]la]ysis  of tl]csc dat, a w a s  coIIductcd at two sii,cs. l;lkllorll Slou~;lI  I]car lv1oIItrrcy, (;aliforliia
])rcs(:llt(d  flat<, vcp,ctat  io]l f]x:c tcrrai]) r(:qlliml  for calil)rat il]p, t,llc ra(lar  i]lt{]f(,lo]ll(t  ri( ])araIIIc!t CIs.
A s(:cOII(I site strct{l]i]lp,  frol]l SaII J(EK! Lo Santa Cl”ux, (;A, wllicll  is l]cavil.v  I({;(tatc(l} ])rovi(l(x]
tl](:  first t(:st  cas(! for \vdvclclIgI,tlI  diverse ])c]]ctratio]l  stlldics. 1 ‘r(:li]]]il]ary results sIIOW  t lIat: a) t lIC

i]lt(:]f(:lc)]llctc:]  calil)r;ltioll  dct,crl]]illcd  at ltlkl IoI’11 .Slougl I is cxtcIIdal)lc to ljal IICl  OIIad aIId p,ivcs
coll{idcl]c.c  ill tl]c C- aIId 1 ,-balld llcip,llt  lllc:~sl]rc]t)(:]]ts;  l)) Clw II diflcmlccs  ar(: olmriwl  t.x:t~iw]l
tli(: (~- a]id 1 ,-lmlld IIcigllts asswiatcd  witl}  vcp,ctat)iml, wit 1) C,-1.):11](1-clc!ril’[:cl  to])():,ra]  JIlic II(:ip,llts
gcII(rally IIi[;l]cr  tl]a]l  Ijl](m frol]) 1,- Imld.  ‘1’lic ]Ioisc Icwd i]! tllc 1 ,-lxilid  il]t(:]fcrt)ll~(:tc]  is ])rcscl)t  ly
tlIc lil]litil]~,  factor ill jx:]]ctratiw] studies.

‘1’lIC NASA/,Jl’1, ‘l’O1)SA]{  iiwtrulncnt,, ]I]ailltai]]d  and o]mat,cd  l)y tllc ,Jct l’m])ulsio]l  I,almratory
All{SAll  gIoII]) (Yu]]ji]l Ki~n, su]xrvisor)  was cxt,(nl(lcd  fmln a C lmIld-o  IIly t,o]]ogral)llic  ]nal)l)i])g
SAli i]lt(!rf[:]c)l]]ctc]  h 1,-kind  wavclcIIg;tlIs  (Ilmvard  Xcbkcr, ]Jril]ci]ml i]]vcstigator)  wit]) t h e  a(l-
ditio]l  of a scco]]d 1,- baIId al]tc]l]ia  colll])lc~]]c]lti]l~,  I,IIC All{ SAl{ ]m]ari]nctry  aj)(:rturc. :J ‘Ilc r?lc~al’

illstr\llll[:l~t,:\t,i(j]~  was ]no(lificd  to allow o])crat,io]l  i]] tl]c usual ‘I IOI)SAI{ ]ndc, i]] wllicll  a sin~;lc  aII--— -. -,--- . . . . . . . . . . . . . . . . . . ----
tcIllIa  tl allslnits  Lllc radal l)ulscs and both  alItmlIIa.  s I cccivc,  or ill l)iIl$;-]m]g  ]nodc, wllcl  c altjcrnatc
aIItcI Illas trallsl  nit 0)1 altcmlatx  l)ulsc% but, both a]itc]i]la.s  rcc.civc o]] all ~)ulscs.  111 ])il]g-l)ollg  II Iodc,
tllc cfi’cctivc  separation bctwcni  tlw aIItcuIIas, called tllc. bcldillc  is i]lcrcasd by a factor of two
rc]ativc to ‘1’01’SAI{  mode, givin?;  illcrcascd swlsitivity  to to])c~grald~ic,  llciglit.  ‘] ’l~is is }mrticu]arly
i]n}mrtallt,  at 1,-bal]d, wlIcrc the sl]ort basdim  rclatiw to t,lIc wavclcn~;t]l  causes co]~sidcrablc  llcight
]loisc  dcs])itc  p;ood sip;ml-to-]loisc  coll(]itions. ‘.l’y])ica] i]nagi]l~;  p;eornctrim  a]]d llcigllt  scllsitivitics
for ‘liol’SAIi  am sulnlnari~d  in ‘J’al)]c 1 .

‘J’llc Cl~I:I1-\VZLVCICI  lp;tlI) dual-lmscli]lc calmbi]ity of Lllc IICW ‘1’01  ‘SAI{ systun  allows dct ailed stu(ly---- . . . .
of t ]~c cfl”ccts  of vc~ctatio]l  ca]lo])ics 011 LIIC iI]L(:I’f(:l’{)  ]llctIi(:t~llj~  dcrivc(] ]lci~,llts.

. .
Collcl’ult  l)ackscat’-

t(:r of ]llicrmv:ivc  radiatio]l  is dmnillat,cd  l)y scattcms  sizd of t )IC order of tlIc radar NwvclcIIp,  tlI.
.
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accuracy of a f(:}v cc.l]tli]llct  WS. (Jlltil
111( ’:ls(ll’clll[!llt  Systclll ~)rtxlu(lcd  IIlctcl”

scale accuracy  IIlal)]  ~illg. W7itll  tllc o]mratiolla] 1]s(: of a rcfi])d il~crtial  ]]avi~,atio]) systmn ill l a t e
1994  aIId ill 1995, a  fil]cr accllracy  lmscli]](:  f~)] (~-bal](l i s  Ilccxld. Calibration] usi]l~,  a]] array
of corl)cr  reflectors ill l{osalnolld  dry lak(: lxx] is lllldcr V’a<y,  l](mmwr tl]c fli.g;l]t  conditions WCN
turbulmlt  and w’il]dy,  so vmifyil]~;  tllc dclivd  I)asclillc  ImraIndcrs  wi l l  rcquim  additio]lal  w o r k .
IJor tllc ])uqmscs of tl]is stucly all .aItcr]latc ]mtll  of ca]ibratio]] was iakml. I t  llastll(!  advallta:;(:

of  mnovinp,  hcigllt distortio]]s  duc to }msdi]lc  e r ro r s  and ]tlulti]mth I)hasc mu’s silll~llt:illcc)~lsly.
‘J’llis  ])lIasc scrccn a])j)roach  w:is  first mt~l)loyc(l  WIICII J]’],  calil)ratd  t h e  ltllvironlnc]lt,al  l{csmrcl~
l]]stitutc  of h~ic]ligan’s  11’SAI{I;  X-baIld tolmp,ra])hic  ~mLI)INr  (Kiln Md IINC1 1995).

‘J’l]c  ])l]asc sum)) a])])roacll  rcquims  a rcf{:r(:]]cc  (li~;itja] dcvatio]]  mc)cld. ‘J’l]c ‘J’01’SA1{  digital
tcrrai]l  II]aI) is co]n])utcd  as a]) array  c)f ]]cip,]]t  values o]] a locally s])hcrica]gyid.  At, the same ti]nc,
tllc imag ing  ,gnndry  of cac]l array dullc]]t  is ]cujrdcd.  ‘JII]c  diflcmlcc  Lctwccx]  tllc ‘J’01’SAl{
]ila])  a]ld the rcfcrcnlcc  1)1’; M is takcnl - tl]is co]lstitjutcx+  all array of llcig;llt  errors. ‘J’lIc residual
illt,c[fcrc)l~~c:tric  ])hasc crror  IL(XXICCI for c.alil}ratio]}  Ad) is rdat,d  to tl~uw lleig}~t  errors  A)t ihrou~,]]
tllcml]biguity  height cquatlio]]) given ill a siln])lificcl  t~~~c)c li]t]cl}sio]lalg  cc)lllctry by

(().1)



f(ll~ctiolls  of (IN look :\l@J, SC] tiIC ~~l\:\sQ scrtx:l~  (:{l]](x’tiol~  illf’(,rrvd frc)lll tile (Iifll:rcll((  1 J1’;lVl alI(i
t II( P,(:OIIIC{IJJ  is tal)lllat(!ci  as a fllllctio]i  of look” aII[;lc. ]Iy (Isil]p; tl](:  ciltirc two (iilll(:]lsif)lltll  1 )1’;h4,
1 II( 011( (ii]tlrllsiollal  l)llasc s(m)]]  l)cllrfits frolll  av(rap,i]]p,  a]l(i is qllit(:  sl])ootit ci(:sl)itc  errors  ill t llc
1 )l~lVI clata.  Using tilis ~)llasc smwll  (0 corrc(t  tlit  iilt(,]f(’rc)~,r/\lll, a licxv ‘l’ OI)SAI{ dip, ita] tcyraill
]tta]) is ])rodl]cc(l  all{i coln])arcci  to tl)c rcfcrc]l(c 1) II;N4. AIi a(ijlwtmi  I)lI:ISC  SCNWII  is tilc]l  co]]lj)lltd
a]](i  (’()]lllmrcxi  to tfllc f i rs t  cstil]latc. ‘J’llis  ~)]()(:(xil]]( i s  it(~rat(:(i l]l]til  tile l)llasr S(:l’(x:ll h!colll(!s
St 2Ll)i(J,  usually aft,cr Ilo lllorc tllall two it)wat)lolks

l)ip,llr(:  1 illustrate tile l)llasc  distortions  il] t I]( ] tl(iar  llci~,l]ts  i]] tllc lcf(-l]]ost  lmlld.  ‘1’llc  arm-..
is lo~:at(,(l  at, l’;lkl]o]ll  Sloup;l  I, CA ali(i is (Illitc  flat. (:{)]ltai]lit][~  a larp,e  INIT(, of h40]ltmq  ljay  ill tile
icf’( of lIIC i]nagc.  l)csl)itc  tllc fiat tmraill, Lllcl’r is il tilt  of tile llci~llis  fl’olll  left to rip,llt  (lical’  I’allp,c
to far rall~,c)  i]l tllc ilnagc as wdl as oscillatory Imll(lillf;  aligll(xl  with t,l)c fiigl]t  ciircdio]l,  tllc cflkx:tjs
of I):isclillc  Crror mlci lnulti}mt]].  ‘1’l)c cxnltcr })allcl sli(nvs tllc (iiff’erc]lcc  bctwccnl  tllc raciar lici~;llts
a]l(i tile ll,S(; S Whn 1)13h4  rmm]]dd  to tl)c ra(iar  coor(iil~ates  at 30 ILl s~mc.itlp,.  ‘J’lm (J.SGS 1 )I11N4
is LII(: I)cst readily available (iip,ital  ciata Sctj for tiiis sit(:. Ncar]y /iii tlic tmraill  fcatums  mnlaillil]r,
i]] tiI(:  (ii fl’cmlcc IIIaI)  am (iIIc to il)accuracics  or rcsoi(lt, ion li]]lits i]l t,l]c lJSGS data. Ncvmthdcss,
tll(:  ]Ict l)llasc  scrcc:ll  cic!riv(:d  fro~n (JIC ciifl’crcllcc  IIIal) is (~l]itc  sl]lootli.

011 tllc sccxnld  itcratim,  I,llc rq;io]]  of tjhc (iifltr(:llcc  ]]]al) usui  was rcstridc:ci  to tllc occ:al) anti
f(’atllrt:lcss  ar(!m in tll C! bOttOlll half Of t,ll(:  illlil[;(!. ‘1’l)is i])]l)lovcci  t,llc mti]natc  m]isicicral)ly.  ‘1’lic
rig~l]t I]lost  lmld of l~ig. 1 snows tlIc ca]il)rat(:d lI(!ip,l It (iata. ‘J’11(:  ri])])lcs in tile IIay allci fiat rc~,iolls
(’lc~i]ly (~vidc]tt  in tl]c l e f t  lml]d ]Iavc lxx:])  rc]tlo\’(xi  il] tllc rip,l]t  })a]ld. If W’(! a.$slllllc  that tllc
:i\K:l”a[\(’ l](:igllt  of Lllc USGS IIlal)  ovu  wicic  :ir{:as  is (orrc(:t, \\’(! (:all (“OII(:ILI(lC! t h a t  t!ll(!  ])llasc S(:I’(TII

(aiil)r:ltioll  }x!]for]]](xi WC]]. h’ir, urc 2 S11OWS tl]c l)llas(’ SC] c(’]I  I)rofilr  as a fu]]ction  of look al]glc.
‘1’il( lJ-l)aIlCi  systcm is IICW , so tlIc  Lasclillc  is (: 0111111(:11  sLIIIItcly  ICSS ~vdl k]low]]  t,lla]l t,llc  C-lmI~ci

l)ilS(!lill(!. ‘Jb calibrate 1,-ba]~d,  ~vc [icx:i(id  to ~sti]t  Iiit(: its I)asclil)(!  l)y co~]l~xlri]lg  tllc i]~tclfclc)]llct]ic
})l]asc at, C-lm]lci  to the plla.w! at, I,- ballci. 1 f  Imti]  l)asdi]lcs arc ~)mfdly WC]] Jillowll  tllm) tl)c
follo\vi]]p,  rdatioldlil)  holds:

A(,’ I]J, COS(O(7”)  -  (},,)
@c(7’) = ( )@], (7-)  -  j, j)c ~,os(o(?’) ~~c’)

/;
(().2)

AII}J r(:sidual ])l]asc d@(7) rc]]lai]li]lg  as a fu[ldio]l  of ra]ip,c  7 wc attril)utm at this sta,gc  to tmsdi]lc
mxn tilrougli tllc rdaticnl

(0.3)

1 t is straip;htforwarc]  to clcrive  tl]c cnrrcctions  d]]  a]ld (IQ fro]]] tllc: residuals old). ‘1’llc  1 ,-ballci  base.lil]c
~,iv(:]l  i]l'J'[ll~lc  2wascictcr]11i]  lccli]ltlIis\\~ay. As[lc:]c)ss( :l]c[:ko  ftll(:l  )ascli]ltie  stilllatc,~\'  clllcasl]rccl
})la]li]]lct]’ic  ciistortion o f  tllc ciata bcfom a]lcl aflm  lmsdi]]c cmrrcctic)]l  by cmrrdati]lg  tl]c 1,- ba]ld
i]]tclfcrop,]tllll  with tllc C-banci  clatla. IIcforc basdil](: Corrcctioll,  tlic ilnagcx were lnisrcgistcmx]  b y
IIlaIIy  })ixds  }mrticmlarly  in tl]c IIcar range. Aftm  l):~scli]lccc)]rcctioll,  tllci]l]agcsaligllccl  towitllin
a })ixd cvcrywlmc.

‘J’l)c  })llascscrcc]]  conxxtion  for 1,- bmci is still JIcx:msary l.x:causcc)f ]nulti~)ath.  lllstcad  of using
tllc \JS(;S  l)1th4,  wc used the newly calibrated C-lm]l[i  1)} ’;h4. l~mv largcscalc artifadscxist  in tile
(iifi’(:]mlcc  lllal),  11 OWCVCI tllc larg,e  amount  of llcip;llt  ]Ioisc ill tl]c ],- bal]ci  data ciuc to larp;c  alnl)ig(lity
IIci[;l]t  li]l]itd  I,IIC cflcctivc]lcss  of the l)lla.sc scrm:]l. l{csidllal  ]I]ult,il)ath  ril)})lcs  ru]lai]] ill tlic lj-
Iml)d  1 )l<;h4 at tllc 1-2 ]nctcr allll)lit,udc  ICVCI. ‘J’lloug]}  this is co~isid(!r:ibly  ]owcr than t,llc statistical
l]ci{illt  ]]ois(!  at 1 ,-balld, Lllc artifacts am visible to Llic cy(:.
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h4aIJ  l’rodud  lmtili[~ (III)
h4a]J  l’roducl  l{csollltioll  (III)
l{alq;(:  ]Ialldwidtll  (N4117J)
l{n]lgc  l{mollltioll  (Ill)
1 ‘lIIsC l{qx:tlitio]l  [;mulld  S]mcilI~, (]il)
Nulllbcx of 1,ooks
Aircraft,  A]titudc  (knl)
l{angc (km) ()

] ,ook A] Ip;lc (C]CF;) 25
C/1,-hand Aml)iguit,y IIcigl]t (III) 56/243
(;/1,-l  lancl Nolllilml  IIltclfcl(]lllctric  (k)] M:lat iol) ().90/0.94
(1/1,-l  laIId Nominal Statistical llci~,llt  l}rrc)r (ItI) ().56/1 .81

-  1 1+’oY 40 h411~, ])ill[g-lx)l]p,  ]J)oc1[,

5
15
40

3.331
().34

W
8

17.5
63

1 74/755
().90/().94
1 .73/5.(i3

\fiIZiVCkI  1 F;th IJ-llall(!  (24 (:111) (:- IMI1(I (5.6 (311)
A]ltxmna 1,ocation ‘1 b] ) IIottjolll “J’-II(J ‘1’0]) lk)ttmll ‘1’-11

xl ( m ) 0.54 0.54 () ‘2.46 2.46 0
Y (m) 1,2:31 0.[)2 ().71 1 1.154 0.157 0997
z (111) 1,601 -  ().23 1.831 1.577 - 0.717 2,2594

A~Jd (ml) it 0.85 0 0.85 0 - 1.35 1.35
Al(/ (]1S) 428.02 444.’72 1(;.7 406.08 437.04 - 30.96
“ ‘1’-11 iln}}lim  basdillc  “co]n]x)IImIts
1 X umrclillatc  lncasurc!d forward alol I{; tiircraft  fusdaplc

Y coordinate lncasurcd  out,ward  to 1 mrt si(lc
Z coordinate ]ncasurc!d  vertically u]mwrd

‘t Channel  ])]]a.sc A~)d a]ld t,ilne dday Atc arc IIIOC]C dcl)(!]idmlt.
‘J’hcsc  valucx arc valid for 40 N411z l)i~lg;  ]mIlp;  IIIOCIC mlly.
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TOPSAR DUAL FREQUENCY TOPOGRAPHIC MAPPING

Elkhorn Slough, CA Run 180-1 1995

C-BAND (5.6 cm 7.) L-9 AND (24 cm j.; ‘ C-L  TO POGRAPI+V

_4c’n
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TOPSAR DUAL FREQUENCY TOMOGRAPHIC MAPPING

Laurel Guad, C A <  ‘2 LI - “80-3 1995

C -B AND (5.6 cm i.”] L-9 AND (24 cm 7.

SaTI J o s e

JW Figure 4

C-: TO POGqAPHv
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